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Abstract 
Based on cavitation modelling in Laval nozzle results and experience, following problem was defined. Flowing of 
water on turbine blade wheel outlet is the main point of the problem. Nowadays there is a chance to model the 
cavitation in Fluent system, where solution of two-phase mixtures (water-liquid and water-vapour) and more accurate 
three-phase mixtures (water-liquid, water-vapour and non-condensable air) are presented. It is possible to use “Full 
cavitation model” or “Schnerr and Sauer model” (simpler model) or “Zwart-Gerber-Belamri” for modelling this 
phenomenon. All the models take under account dynamics of vapour bubbles. All the models are compared in this 
article. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of  
Sumy State University 
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1. Mathematical model 
Generalized Rayleigh – Plesset equation for bubble dynamics (time-dependent pressure and size of 
bubbles) in form  
( ) ( )
bl
bl
2
b
2
b
2
b
l
vap
R
S2
dt
dR
R
4
dt
dR
2
3
dt
RdR
tptp
ρ
+
ν
+¹¸
·
©¨
§
+=
ρ
−
∞
, (1) 
* Corresponding author. Tel.: +420 597 324 385. 
E-mail address: marian.bojko@vsb.cz. 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
10   Milada Kozubková et al. /  Procedia Engineering  39 ( 2012 )  9 – 18 
for certain value of pressure ( )tp
∞
 can be solved and bubble radius ( )tRb  can be determined (in case of 
the pressure value in bubble is known). This equation was used by scientists like Rayleigh and Plesset 
equation in simplified form (the term of surface tension and the term of viscosity were ignored and higher 
order derivatives). For more details, please see [0, 0, 0, 0]. Common differential equation (1) has been too 
difficult to be applied into a multiphase flow model. That is why the first order approximation has been 
used in this case 
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Singhal cavitation model is based on the full cavitation model, developed by Singhal. To derive an 
expression of the net phase change rate, Singhal [0, 0] uses the following two-phase continuity equations 
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where: R  – is the net phase change rate ce RRR −= , vapl ,, ρρρ  – density of mixture, liquid, vapour, 
α  – vapour volume fraction, ju  – velocity. 
Density of mixture is defined as 
( ) lvap 1 ρα−+αρ=ρ .            (6) 
Combining equations            (3),            (4) and            (5) yields a relationship between the mixture 
density and vapour volume fraction α
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Vapour volume fraction α  is deduced from f  as 
vap
f
ρ
ρ
=α . (8) 
The rates of mass exchange are given by the following equations 
if vappp ≤
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where: chv  – characteristic velocity, which is approach from local turbulent geometry (e. g. 
kvch = ), eC  and cC  – empirically constant. 
Assuming that all the bubbles in a system have the same size, Zwart-Gerber-Belamri cavitation 
model [0, 0, 0] proposed that the total interphase mass transfer rate per unit volume is calculated using 
the bubble density numbers, equation (2). The expression of the net mass transfer is 
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where: bR  – bubble radius, vapp  – vapour pressure. 
In equation        (11), the unit volume mass transfer rate is only related to the vapour phase density 
vapρ . This equation is derived assuming bubble growth (evaporation). To apply it to the bubble collapse 
process (condensation), the following generalized formulation is used: 
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where: F  – empirical calibration coefficient. 
The rate of change of mass of a single bubble follows as 
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If there are bn  bubbles per unit volume, we may express the vapour volume fraction as 
b
3
bbb nR3
4
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As the vapour volume fraction increases, the nucleation site density must decrease accordingly. To 
model this process ZGB proposed to replace α  with ( )α−α 1nuc  in equation        (12). Then the final form 
of this cavitation model is as follows 
if vappp ≤
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Schnerr and Sauer cavitation model [0] is a similar approach to derive the exact expression for the 
net mass transfer from liquid to vapour than Singhal model. The equation for the vapour volume fraction 
α  has the general from 
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where: R  – represents the vapour generation or evaporation rate. 
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When equation      (17) is implemented into the equation      (18) the following form can be obtained 
( ) ( )
l
vap
b
lvap pp
3
2
R
31R
ρ
−
α−α
ρ
ρρ
= .       (19) 
Bubble radius 
3
1
b
b
n
1
4
3
1
R ¸¸¹
·
¨¨©
§
πα−
α
= .       (20) 
Also in this model, the only parameter which must be determined is the number of spherical bubbles 
per volume of liquid bn . If you assume that no bubbles are created or destroyed, the bubble number 
density would be constant. 
As in the two models, equation       (19), is also used to model the condensation process. The final form 
of the model is as follows: 
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2. Geometry  
Investigated problem is defined as three dimensional case. Hexahedral scheme of the grid was created 
in software Gambit and used for numerical simulation. The grid consists of 40095 cells (please see Figure 
1). The problem was solved numerically in software Fluent 12. 
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Fig. 1. Scheme of region geometry 
3. Numerical parameters 
Physical properties 
Temperature of water is constant and equals 27°C (i.e. 300K), hence the physical model is supposed 
isothermal (recommended in literature). The physical properties are defined in Tab. 1. 
Table 1. Physical properties 
 density viscosity 
water 998,2 kg.m-3 0,001003 Pa.s 
vapour ideal-gas 1,34.10-5 Pa.s 
Boundary conditions 
Boundary conditions on the inlet were defined in accordance with measured data (profiles of axial, 
radial and tangential velocities were added by VUT in Brno). 
The problem is solved as multiphase flow, when water is the first phase and vapour is the second one. 
Due to the time dependent character of the vapour flow in cavitation region the solution is time 
dependent. 
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Table 2. Boundary conditions 
inlet – water, vapour 
velocity inlet 
radial velocity profile, Figure 2 a) 
 tangential velocity profile, Figure 2 b) 
axial velocity profile, Figure 2 c) 
outlet - mixture outlet pressure 10000 Pa 
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Fig. 2. Velocity inlet: (a) radial velocity; (b) tangential velocity ; (c) axial velocity 
Table 3. Cavitations conditions – Singhal model 
saturated vapour pressure 2367,8 Pa 
surface tension coefficient 0,0717 N.m-1
non-condensable gas mass fraction 1,5.10-5
Table 4. Cavitation conditions – Schnerr and Sauer model 
mass transfer water-vapour 
vaporization pressure 2367,8 Pa 
bubble number density 1010
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Table 5. Cavitation conditions – Zwart-Gerber-Belamri model 
mass transfer water-vapour 
vaporization pressure 2367,8 Pa 
bubble diameter 10-6 m 
nucleation site volume fraction 0,0005 
evaporation coefficient 50 
condensation coefficient 0,01 
It is necessary to solve the problem as unsteady state with time step of 0.001s. 
Table 6. Mass flow rate - Singhal model 
mass flow rate - inlet 329,19827 kg.s-1
mass flow rate - outlet -336.55502 kg.s-1
difference -7,35675kg.s-1
Value of relative error is 2,23% (for the purpose of inlet and outlet mass flow rate evaluation). This 
value of error is insignificant. 
Table 7. Mass flow rate - Zwart-Gerber-Belamri model 
mass flow rate - inlet 321,23563 kg.s-1
mass flow rate - outlet -316,25348 kg.s-1
difference 4,98215  kg.s-1
Value of relative error is 1,55 % (for the purpose of inlet and outlet mass flow rate evaluation). This 
value of error is insignificant. 
Schnerr and Sauer model has not further evaluated because of major inaccuracies. 
4. Results of the numerical solution 
Zwart-Gerber-Belamri model Singhal model 
Fig. 3. Axial velocity on point 3 (please see Figure 1) 
16   Milada Kozubková et al. /  Procedia Engineering  39 ( 2012 )  9 – 18 
Zwart-Gerber-Belamri model Singhal model 
Fig. 4. FFT - Axial velocity on point 3 (please see Figure 1) 
Zwart-Gerber-Belamri model Singhal model 
Fig. 5. Volume fraction on point 3 (please see Figure 1) 
Zwart-Gerber-Belamri model Singhal model 
Fig. 6. FFT - Volume fraction on point 3 (please see Figure 1) 
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Zwart-Gerber-Belamri model Singhal model 
Fig. 7. Volume fraction (vapour) 
Zwart-Gerber-Belamri model Singhal model 
Fig. 8. Pressure 
5. Conlusion 
This article is focused on cavitation model’s evaluation in software ANSYS Fluent. All offered 
ANSYS Fluent cavitation models are tested. The main aim of tests is to compare the process of dynamic 
changes in cavitation region, especially shapes and dimensions of the region considering these 
characteristics as time-dependent. That is why Fast Fourier Transform (FFT) was applied. As mentioned 
in article [1,9], Zwart-Gerber-Belamri cavitation model works with larger cavitation region and lower 
frequencies. Schnerr and Sauer cavitation model, which is not included into this article, works similarly. 
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Mixture of water-liquid and water-vapour is modelled as a fluid medium. It is assumed that dissolved 
air is contained in the water-liquid. 
It is also necessary to emphasize that current boundary conditions of the model are not based on 
physical experimental data (the experiment will soon be prepared). That is the reason why supposed 
rotating "plait" of vapour was not obtained in numerical model results. Following physical experiment 
will be focused especially on measuring of pressure values on the outlet and velocity profiles on the inlet 
of the region. 
Numerical modelling was based on earlier experience with modelling in Laval nozzle (please see 
[1,2,9]). Test process of modelling cavitation in the conical geometry is strongly influenced by real data 
defined as boundary conditions of the numerical model. 
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